The surgical management of breast cancer is rapidly evolving towards less invasive procedures. Alternative biopsy techniques, including fine-needle aspiration and core needle biopsy, are replacing excisional biopsy as the treatment standard. Breast conservation therapy is now widely used in place of mastectomy, both for small tumors and for larger tumors that have been downstaged through induction chemotherapy. Less invasive procedures for axillary treatment such as lymphatic mapping and sentinel lymph-node biopsy are being explored in an effort to avoid the morbidity associated with axillary lymph-node dissection. For women who still prefer or need to receive a mastectomy, immediate breast reconstruction with autologous tissue provides an excellent cosmetic outcome that is oncologically sound. This is especially appealing to high-risk women who opt to have a prophylactic mastectomy. High-risk women are also being offered the option of receiving chemopreventive treatment that may reduce their lifetime risk of cancer by almost 50%. These new, less invasive approaches require the close cooperation of a team of physicians, including surgeons, pathologists, radiologists, and medical and radiation oncologists.
Introduction
For almost 100 years, the primary mode of treatment for breast cancer was radical surgery. Today, there is a climate of fundamental change in breast cancer management, as surgical treatment options evolve towards minimally invasive procedures. Importantly, the oncological soundness of these new procedures is being thoroughly demonstrated in both prospective and retrospective clinical studies.
Most tumors can now be readily diagnosed without the use of excisional biopsy. Alternative biopsy techniques, including fine-needle aspiration and core needle biopsy, do not require general anesthesia and leave minimal scarring compared with excisional biopsy. Because of the increasing use of screening mammography, most women are now initially seen with small tumors that can be removed with breast conservation therapy, preserving the breast while providing a more rapid recovery and vastly improved patient self-image. The removal of axillary lymph nodes, once a standard part of treatment, is now being questioned, and less invasive procedures for axillary sampling and treatment are being explored.
In cases in which radical surgery is still used, the direction of change has been towards procedures that are psychologically and cosmetically more acceptable to the patient. For those patients who still prefer or need to receive a mastectomy, immediate breast reconstruction provides excellent cosmetic results, especially when combined with autologous tissue flaps and skin-sparing mastectomy. These reconstruction options are especially appealing to those women who, because of a personal or family history of breast cancer, opt to have a prophylactic mastectomy. Women in this high-risk group who do not favor this aggressive surgery now have the option of receiving chemopreventive treatment with a selective estrogen receptor modulator, possibly reducing their risk of future breast cancers by almost 50%.
This review will discuss six issues in the evolving field of breast cancer management: biopsy approaches; selection criteria for breast conservation therapy; minimally invasive ablation approaches for treating the primary tumor; the treatment of axillary lymph nodes; immediate breast reconstruction; and prophylactic mastectomy. Each section will provide a detailed review of recent clinical studies in the area, and close with a summary.
Biopsy approaches

General considerations
The biopsy represents the first surgical intervention in the treatment of breast cancer. For many years, excisional biopsies were the treatment standard for most lesions. Typically, they can be comfortably performed with intravenous sedation and local anesthesia, and they provide excellent diagnostic information. Although straightforward, this type of biopsy has the potential to affect subsequent treatment, especially if it results in a large scar, or if the tumor is removed with inadequate or unknown margins. Because the majority of lesions for which women undergo biopsy prove to be benign, and because many women have multiple biopsies during their lifetimes, less invasive techniques were developed. Fine-needle aspiration (FNA) and core biopsy are both fast and simple techniques, requiring only local anesthesia. In patients with palpable tumors, these techniques can accurately diagnose the lesion in more than 90% of cases (Vega et al. 1995 , Scopa et al. 1996 , O'Neil et al. 1997 , Pijnappel et al. 1997 , Gotzinger et al. 1998 . Newer techniques, including the Advanced Breast Biopsy Instrumentation (ABBI) system and several vacuum-assisted core-sampling devices (Mammatome, and Minimally Invasive Breast Biopsy (MIBB)) have been developed that may increase diagnostic accuracy by increasing the size of the tissue samples while maintaining a relatively non-invasive profile. These techniques are proving to be especially valuable when used with stereotactic or ultrasound guidance for the diagnosis of non-palpable breast tumors. A new technique involving ductal lavage may allow the retrieval of epithelial cells lining the ductal-lobular systems of the milk ducts.
Advanced Breast Biopsy Instrumentation system
The ABBI system (US Surgical Corporation, Norwalk, CT, USA) was designed as an alternative to excisional biopsy for the diagnosis of non-palpable breast tumors. Threedimensional stereotactic localization is used to guide an axial wire to the center of the tumor. A surgical cannula up to 20 mm in diameter is inserted down this axial guide, and used to remove tissue cylinders that encompass the tumor. Although the amount of tissue that can be removed is typically only about half as much as would be possible with a needle-directed excisional biopsy, it is significantly larger than could be obtained through core biopsy, and does not require multiple passes of the needle. It has the additional advantage over a core biopsy or FNA in potentially providing tumor margins for pathological analysis. This approach has the disadvantage of requiring a 20 mm initial incision for placement of the cannula. In addition, the cannula must be 266 www.endocrinology.org placed very precisely, because only a small distance (several millimeters) may separate the tumor edge and the cut surface of the tissue cylinder.
The ABBI technique is being tested in several institutions, with excellent results (Sheth et al. 1999 , Portincasa et al. 2000 , Schwartzberg et al. 2000 . The sensitivity and specificity of ABBI biopsy for the diagnosis of carcinoma are both excellent, approaching 100% in reported studies (Matthews & Williams 1999 , Atallah et al. 2000 . Positive margin and residual tumor rates are comparable to those seen with wire-localized excisional biopsy (Velanovich et al. 1999) . Because it avoids operating room and re-excision costs, the technique is extremely cost-effective compared with excisional biopsy, and represents an excellent biopsy option for non-palpable breast tumors.
Vacuum-assisted core biopsy instruments
Vacuum-assisted core biopsy instruments use the same general principle as the core needle biopsy, but represent a significant advance in technology. Two systems currently in use are the Mammatome (Biopsys Medical, Cincinnati, OH, USA) and the Minimally Invasive Breast Biopsy, or MIBB (US Surgical Corporation). Both systems use a vacuum to pull tissue into a sampling chamber, where it is removed with high-speed rotating knives. The specimen is then suctioned to a chamber outside the breast, where it may be removed. These devices have the advantage of being able to obtain contiguous samples from the same area by rotating the device in a circular motion, rather than being withdrawn and reinserted, as with a standard core-biopsy needle. The probe may also be used to insert a radiopaque marker at the site to mark it for further treatment. The Mammatome uses internal oscillating knives, whereas the MIBB, which was developed later, uses an externally oscillating knife and can sample specimens up to 25% larger. The MIBB also offers two different chamber lengths (10 mm and 20 mm) and an adjustable sheath for fine-tuned variation in chamber length. The Mammatome, in contrast, has a set chamber length of 19 mm. Vacuum-assisted core sampling devices may be especially useful in the assessment of diffuse calcifications (Liberman et al. 1997 , Meyer et al. 1997 Because some lesions are histologically heterogeneous and may simultaneously contain areas of atypical ductal hyperplasia, ductal carcinoma in situ and invasive carcinoma, the accuracy of the diagnosis from vacuum-assisted biopsy will depend to some degree on the size of the sampling needle used. Thus more accurate sampling would be anticipated from an 11-gauge needle, for example, than from a 14-gauge needle (Dershaw 2000) . Overall, the reported accuracy for vacuum-assisted biopsies has approached 100%, reflecting the large tissue samples available from these techniques (Heywang-Kobrunner et al. 1998 , Simon et al. 2000 .
Ductal lavage
Ductal lavage retrieves cells via a microcatheter inserted into the milk duct through the nipple surface orifices. Breast cancer is believed to start in the epithelial lining of the ductal/ lobular systems of these milk ducts. The duct is flushed with saline to wash out cells for evaluation. Although this technique is still largely experimental, preliminary studies indicate that it is safe and well tolerated, and may be useful for the early detection of intraductal breast pathology (Dooley et al. 2001) .
Summary
Although still of use for large, palpable tumors, excisional biopsy has been largely replaced by less invasive techniques that offer excellent specificity and sensitivity. FNA and core biopsy are fast and cost-effective, but offer limited tissue samples. The ABBI system and techniques using vacuum-assisted core sampling devices present the advantage of greatly increased sampling ability (and the possibility of margin analysis with the ABBI system), while remaining relatively non-invasive.
Selection criteria for breast conservation therapy
One of the most significant advances in the surgical management of breast cancer has been the growing acceptance of breast conservation therapy (BCT) as the treatment of choice for many primary breast cancers. Consisting of lumpectomy and postoperative radiation treatment, BCT was originally viewed with skepticism by surgeons and patients alike. Widespread acceptance of BCT came only after large prospective trials demonstrated no differences in overall survival and disease-free survival between BCT and standard mastectomy for early breast cancer (Fisher et al. 1989c , Sarrazin et al. 1989 , Veronesi et al. 1995 .
The risk of locoregional recurrence for early-stage breast cancer after BCT is lifelong, ranging from 7 to 20% at extended follow-up times (Veronesi et al. 1994 , Fisher et al. 1995 , Jacobson et al. 1995 , Arriagada et al. 1996 , Van Dongen et al. 2000 , Mirza et al. 2001b . Most recurrences tend to occur at the same site, and are readily salvageable by additional surgery, usually mastectomy. Various studies of salvage mastectomy after local or regional recurrence have reported 5-year disease-free survival rates ranging from 42 to 55%, and overall survival rates ranging from 59 to 76% (Osborne et al. 1984 , Francis et al. 1999 , Voogd et al. 1999 . These outcomes after locoregional recurrence www.endocrinology.org 267 following BCT are quite good, especially when compared with the grim prognosis from locoregional recurrences after mastectomy (Kurtz et al. 1989a) .
The main goals of BCT are complete removal of the tumor with adequate margins, while maintaining acceptable cosmesis. Long-term outcomes are optimized by selecting patients with a reduced risk of locoregional recurrence. To attain these goals, careful attention has been paid to an extensive list of patient and tumor characteristics.
Age
Because of a variety of misconceptions, BCT has been underutilized in the elderly (Vlastos et al. 2001) . Physicians may be influenced by widespread beliefs about biological differences in tumors in the elderly (e.g. they are more likely to be locally advanced, perhaps because of a decreased likelihood of having yearly screening mammograms). They may feel that the elderly, by and large, are a 'frail' population with a limited life span, best served by surgical approaches that are either palliative or at least do not require extensive post-surgical adjuvant treatment. In reality, the stages at presentation in the elderly tend to be comparable to those seen in younger women (Law et al. 1996) . Because surgery for BCT is less extensive than a standard mastectomy, the perioperative morbidity and mortality should be correspondingly lower. In addition, older women tend to tolerate radiation therapy extremely well, and may also have lower rates of local recurrence after BCT than younger patients (Nemoto et al. 1991 , Veronesi et al. 1995 . While the presence of comorbid conditions and physiologic age should certainly be considered, old age of itself is not a contraindication for BCT. Does younger age, then, argue against the use of BCT? Biological aggressiveness of the tumor may be greater in younger women, resulting in increased rates of local recurrence. However, rates of local recurrence and disease-specific survival do not seem to be different in younger women receiving BCT compared with younger women receiving modified radical mastectomy (Bouvet et al. 1997a) . If younger patients meet other criteria for BCT, they should not be discouraged from receiving it.
Family history
Patients with a positive family history of breast cancer do not seem to have higher rates of local recurrence after BCT than patients with a negative family history (Burke et al. 1995 , Chabner et al. 1998 , Brekelmans et al. 1999 . This may be true even for those high-risk patients who are heterozygous for mutations in the cancer-specific genes, BRCA1 and BRCA2 (Verhoog et al. 1998 , Pierce et al. 2000 , although a report from Memorial Sloan-Kettering found a higher in-breast rate of recurrence after BCT in BRCA-positive women than in controls (Robson et al. 1999) . Patients with a positive family history, especially if the affected relative was premenopausal or had bilateral disease, have an increased risk for a second primary, as do BRCA1/ 2 carriers (Pierce et al. 2000) . Patients should be counseled about this, but should otherwise not be discouraged from requesting BCT.
Prior history of radiation
Patients who have had prior radiation therapy fields which included the breasts (e.g. mantle irradiation for Hodgkin's disease) are not good candidates for breast-conserving surgery with breast radiation.
Pregnancy
Although pregnancy used to be considered an absolute contraindication for BCT, that is no longer true, with the following reservations. Pregnant women tend to have significantly more advanced disease at diagnosis than non-pregnant women, which may make them better candidates for mastectomy (Petrek et al. 1991) . The surgery itself may present difficulty because of increased vascularity, and meticulous hemostasis may be required (Petrek 1994) . Breast irradiation during the pregnancy is a concern. In the first trimester, a radiation dose of 5000 cGy to the breast will expose the fetus to 10-15 cGy, and this exposure may increase to as much as 200 cGy later in the pregnancy when the fetus is located higher in the abdomen (Van der Vange & van Donegan 1991) . Thus, although breast-conserving surgery can be carried out during pregnancy, radiation therapy should be reserved until after the completion of the pregnancy. A reasonable alternative for patients for whom chemotherapy is appropriate is to use chemotherapy during the pregnancy and reserve surgery and radiation therapy until after delivery. In the second or third trimesters, combination chemotherapy has a low risk of fetal complications (Doll et al. 1989 , Weibe & Sipila 1994 , except for the use of aminopterin and other analogues of methotrexate (Doll et al. 1989) .
Size of the breast
The size of the breast relative to the size of the tumor is an important issue in achieving the goals of complete removal of the tumor and maintaining adequate cosmesis. In a very small breast, complete excision of the tumor with adequate margins can result in an unacceptable deformity of the remaining breast. Bold and colleagues at the M D Anderson Cancer Center have overcome this difficulty by using local rotational flaps to fill in the defect left after removal of the tumor (Bold et al. 1997) . They achieved excellent cosmetic results and low rates of local recurrence. A very different 268 www.endocrinology.org problem arises in women with large, pendulous breasts. In such patients, the quantity of breast tissue may make it difficult to deliver uniform doses of radiation, resulting in a higher incidence of radiation-induced side effects. This difficulty can be overcome by performing a reduction mammoplasty in the same surgery as the lumpectomy. Smith and colleagues at the M D Anderson Cancer Center have used this procedure successfully in a series of 10 patients (Smith et al. 1998) . Thus neither very small nor very large breast size is an absolute exclusion factor for BCT, if the patient and her surgeon are committed to using this approach.
Collagen vascular disease
It seems likely that patients with collagen vascular diseases characterized by significant skin changes would be negatively affected by radiation. In fact, patients with systemic lupus erythematosus or scleroderma have been reported to have exaggerated side effects from radiation therapy (Fleck et al. 1989 , Robertson et al. 1991 . Because of the intensive regimen of radiation therapy used in BCT, such patients should be cautiously assessed as candidates for this type of treatment.
Tumor size
Patients with large tumors (>4 cm) have typically been excluded from consideration for BCT because of the increased likelihood of local recurrence and the possibility of unacceptable cosmesis from the surgery. Recently, however, it has been shown that locally advanced breast cancer can be downstaged with induction chemotherapy, making these patients good candidates for BCT (Singletary et al. 1992) . To be considered for BCT after induction chemotherapy, the patient must show complete resolution of skin edema (peau d'orange), adequate reduction in the tumor size, no extensive intramammary lymphatic invasion, no extensive suspicious microcalcifications, and no evidence of multicentricity. In patients meeting these criteria, the local recurrence and 10-year overall survival after BCT are equivalent to those seen in early-stage breast cancer patients (Peoples et al. 1998) .
Tumor margins
Because positive margins lead to increased risk for locoregional recurrence, the best rule for adequate surgery is to aim for complete clearance of invasive disease. This can extend even to microscopically involved margins, although there is currently no clear consensus about the clinical importance of this microscopic involvement. There is also no clear consensus about patients with close (<1 mm) margins or with focally positive margins (tumor at the margin in three or fewer low-power fields). These patients may have a moderately increased risk for locoregional recurrence (Gage et al. 1996) . In general, re-excision may be necessary if pathology indicates positive surgical margins or if residual tumor is suggested by physical examination or mammography.
Multicentricity
Although it was originally thought that multicentric tumors were associated with particularly aggressive cancers and poor patient outcomes, this belief has not found support in clinical studies. In fact, secondary tumors arising in patients with multicentric breast cancer do not contribute significantly to outcome (Fowble et al. 1993 , Hartsell et al. 1994 , Vlastos et al. 2000 . This is reflected in the current TNM staging system defined by the American Joint Committee of Cancer and the Union Internationale Contre le Cancer (American Joint Committee on Cancer 1997). In this system, only the size of the largest tumor is used in determining tumor stage, rather than a combination of all tumors occurring synchronously in the breast. Patients in whom tumors are found in multiple quadrants, in whom recurrence rates may be 40% or higher, are not considered appropriate for BCT. Because of the high recurrence rate, and to avoid a poor cosmetic outcome, physicians at M D Anderson Cancer Center restrict BCT to those patients in whom small multiple lesions or microcalcifications are restricted to a relatively small volume (<4 cm in diameter). Multicentric cases with an extensive intraductal component (EIC) may also be associated with a higher recurrence rate after BCT (40%), although the study reporting this relationship examined only 10 patients with multiple lesions (Leopold et al. 1989 ).
Tumor site
Because of the requirement to obtain disease-free margins, tumors that are located close to or beneath the areola (including Paget's disease of the nipple) may require removal of the nipple-areolar complex. The breast mound resulting from this surgery would be similar in appearance to that seen after a reconstruction. The patient must decide whether this will be cosmetically acceptable to her.
Tumor histology
BCT has been successfully used with various histological subtypes of invasive breast cancer, with no differences in rates of local recurrence (Kurtz et al. 1989b) . Two specific histologic findings, infiltrating lobular carcinoma and extensive intraductal component (EIC), have received special attention. Because of its infiltrative growth and frequent discontinuity, infiltrating lobular carcinoma can be technically difficult to remove with clear margins. Nonetheless, patients with this type of cancer who have www.endocrinology.org 269 successfully undergone BCT have locoregional recurrence and disease-specific survival rates equivalent to those associated with other histological types (Bouvet et al. 1997b) . EIC has been the subject of conflicting reports but, again, if negative margins are obtained, there appear to be similar rates of recurrence in EIC-positive compared with EIC-negative tumors (Weiss et al. 1992 , Gage et al. 1996 . As with other tumor-related factors, the key element in both these cases is the ability to remove the primary tumor completely and with clear margins.
Axillary nodal status
Nodal positivity is not in itself an absolute contraindication for BCT, nor is the degree of nodal positivity. In a series from the Joint Center for Radiation Therapy in Boston, there were no significant differences in local recurrence rates in histologically node-negative patients compared with patients with 1-3, 4-9, or 10 or more positive nodes (Lingos et al. 1995) . Because of the combined effect of radiotherapy in BCT with standard adjuvant chemotherapy, node-positive patients may actually do better with BCT than with a traditional mastectomy. Patients who are classified with Stage III cancer on the basis of the presence of fixed or matted axillary lymph nodes should undergo induction chemotherapy and be reassessed for BCT if they are clinically downstaged as a result of the therapy.
Summary
The main principles of BCT are complete removal of the tumor while maintaining adequate cosmesis. Provided these principles are maintained, there are no physical factors or combinations of factors that absolutely preclude BCT as a treatment option. The final choice of treatment, however, rests with the patient, and the patient who is a good candidate for BCT should have a strong desire to preserve her breast. She should be aware of the treatment requirements for BCT (daily radiation therapy for 5-6 weeks after surgery and indefinite follow-up), and her fears or concerns about all aspects of the treatment should be addressed.
Minimally invasive ablation techniques for treating the primary tumor
In the current climate of fundamental change in the surgical management of breast cancer, it is not surprising that interest has grown in the use of minimally invasive ablation techniques for the local treatment of tumors. Tumor ablation has been attempted with a variety of different approaches, with the goal of either cooling (e.g. cryotherapy), heating (e.g. radiofrequency ablation, focused ultrasound, laser interstitial therapy, microwave), or chemically injuring (e.g. ethanol ablation) the tumor sufficiently to induce complete cell death. To date, the techniques that have attracted the most interest for the treatment of breast cancer are cryotherapy and radiofrequency ablation.
Cryotherapy
Cryotherapy was originally developed and extensively used for the treatment of non-resectable metastatic disease in the liver. When used during open surgery, cryotherapy is capable of treating very large tumors. The hypoechoic iceball that is formed during cryosurgery can be monitored by intraoperative ultrasound. Cellular damage is believed to be the result of disruption of the membrane during the freeze/ thaw cycle, and can be enhanced by increasing cooling rates and by using a double freeze/thaw cycle (Rui et al. 1999) . With the use of a needle through which liquid nitrogen is circulated, Rabin and colleagues have been able to cool breast tissue from 37°C to −55°C within 15 s (Rabin et al. 1999a) . Although cryotherapy has demonstrated usefulness for breast cancer treatment in animal models (Staren et al. 1997 , Rabin et al. 1999b , the only human trial to date has involved a single patient successfully treated for two lobular carcinomas (Staren et al. 1997) .
There are several areas of practical concern in the use of cryosurgery for the treatment of breast tumors. For example, ultrasound monitoring may incorrectly estimate the exact dimensions of the iceball formed during treatment (Robinson 2000) . In addition, cell killing within the treatment field may not be complete. Although this may not be a critical issue in the treatment of metastatic liver cancer in which further disease is the expectation, it clearly is important in the treatment of single breast lesions that could otherwise be cured using standard therapies.
Radiofrequency ablation
Destruction of solid tumors by radiofrequency ablation (RFA) results from the frictional heat generated by intracellular ions moving in response to an alternating current. The current flows from an uninsulated electrode implanted in the tumor to a grounding pad applied externally to the skin. Hyperthermia from RFA is believed to induce cell death through effects on cell membrane fluidity, cytoskeletal proteins and nuclear structure, including disruption of DNA replication (Hamazoe et al. 1991 , Haines 1994 .
The physics of resistive heat generation around the electrode tip dictates a maximum size of the ablation field for a given size of the electrode. To increase the size of the ablation field, the electrode size must be effectively increased. Practically, this is done in one of two ways. Saline solution can be infused through the tip of the electrode, increasing the area of the radiofrequency current conduction (Hoey et al. 1995 , Leveilee et al. 1996 , Miao et al. 1997 Alternatively, a special electrode tip can be used that contains secondary electrodes that are deployed to form a star-like array around the primary electrode. An ablation zone of 3-5 cm in diameter can be attained using this type of electrode.
The RFA probe is typically positioned under ultrasound guidance, and the procedure is carried out with real-time ultrasound monitoring. Ablation zones are visualized as hyperechoic areas, and treatment is stopped when the entire tumor is replaced by a hyperechoic area. When histological samples are available, tumor destruction is verified by histopathologic staining of the zone of ablation using either NADH diaphorase or standard hematoxylin and eosin (H&E).
RFA has shown promise in many organ types, including liver, lung, bone, brain, kidney, pancreas and prostate gland (reviewed in Mirza et al. 2001a) . Highly vascular organs such as the liver may be theoretically less vulnerable to radiofrequency energy, because the circulatory system tends to act as a heat sink, drawing heat away via conduction. Nonetheless, studies have shown an overall survival of 80-90% at a median follow-up time of 8.5 months in patients with metastatic liver cancer treated with RFA.
The initial study looking at the feasibility of RFA in human breast tumors was reported in 1999 (Jeffrey et al. 1999) . They treated five women with locally advanced breast cancer, with an average tumor size of 4-7 cm. Only a portion of the tumor was treated, so that the margin between ablated and non-ablated tissue could be assessed after mastectomy or lumpectomy. They found complete ablation in an area of 0.8-1.8 cm in four of the five patients; the fifth patient had a small area of viable cells lining a cyst. They concluded from this small study that RFA would be most effective for the treatment of tumors less than 3 cm.
A current study at M D Anderson Cancer Center in Houston is examining the effectiveness of RFA for the treatment of invasive breast tumors <2 cm in size. In most cases to date, RFA has resulted in 100% coagulative necrosis of the tumor, with no post-procedure complications related to RFA. Additional trials will be necessary to verify these results and to determine if long-term outcomes from RFA are equivalent to those seen with surgical resection of the primary tumor.
Other ablation techniques
Tumor ablation has also been attempted using ethanol injection, lasers, microwaves, and focused ultrasound. Ethanol injection has the advantage of being straightforward and minimally invasive. This approach has limited applicability, however, and works well only with highly vascular, well-encapsulated tumors, such as hepatocellular carcinomas. For other tumor types, there is the danger of uneven ethanol distribution and the risk of incomplete cell death. Laser interstitial therapy (LITT) causes cell death hyperthermically by means of laser energy delivered through a fiberoptic probe inserted into the tumor under imaging guidance. Much of the work in this area has involved either theoretical or animal models (Dowlatshahi et al. 1992 , Robinson et al. 1996 , 1998 , and there are few data yet available about the effectiveness of LITT for the treatment of human breast tumors (Dowlatshahi et al. 1996) . A current pilot study at the University of Arkansas for Medical Sciences has used LITT in combination with high-contrast, high-resolution magnetic resonance imaging (MRI) to treat breast lesions in 25 patients. Rigorous pathological examination after conventional breast surgery has shown complete ablation of the lesion and accurate assessment of the ablation field by MRI (S Harms, personal communication). Animal studies reported in 1999 demonstrated that microwave energy delivered as a phased array can be used to target tumors deep within the breast (Fenn et al. 1999) . Ablation fields of 3-5 cm are theoretically possible, but the clinical usefulness of this approach has yet to be verified. Focused ultrasound as described by Harari and colleagues (1991) and by Hill & ter Haar (1995) was used in a pilot study involving patients with inoperable breast tumors (Gianfelice et al. 1999) , but results in this study were not verified histologically. A study currently in progress at the M D Anderson Cancer Center is using MRI-guided focused ultrasound for the treatment of early stage breast lesions <2 cm in diameter.
Summary
A wide variety of ablation techniques have been proposed for the treatment of primary breast cancer, but the most promising technique for further study seems to be RFA. RFA produces effective cell killing in a predictable volume of tissue, with a low complication rate. Pilot studies in breast cancer patients have demonstrated that RFA may be useful for the local treatment of small invasive breast tumors. Other approaches have been investigated largely in animal and theoretical models, and currently seem to have no significant advantages over RFA.
Evolving strategies for management of the axillary lymph nodes
Axillary lymph node dissection (ALND) became part of the accepted management of breast cancer in the mid-1800s, and continued to be the accepted standard of care well into the 1990s. Until that time, decisions about adjunct chemotherapy were weighted heavily by nodal status. This treated paradigm has shifted significantly, as the increasing use of screening mammography has resulted in the detection of very small tumors with low probabilities of nodal involvement (Haagensen 1986 , Cady et al. 1996 . At the same time, www.endocrinology.org 271 large-scale prospective trials have concluded that virtually all women show a positive survival value from receiving chemotherapy, regardless of nodal status (Fisher et al. 1989a ,b, Mansour et al. 1989 . Thus treatment decisions are now largely made on the basis of characteristics of the primary tumor.
Because of these developments, the acceptance of ALND as standard therapy for all breast cancer patients is diminishing. This is especially true because of the significant morbidity associated with ALND; up to 60% of patients experience some degree of side effects, including lymphedema of the arm, sensory numbness, and limitation of arm motion and strength (Maunsell et al. 1993) . Before abandoning ALND, however, several issues remain to be resolved, and are the subject of current intensive study.
For clinically node-positive patients, recommendations are straightforward. Most practitioners agree that ALND remains important for locoregional disease control, even if not necessary for adjuvant treatment decisions. In the case of clinically node-negative patients, however, there are additional issues. Is it ever appropriate to provide no treatment of the axilla? Is there a good alternative to ALND for the detection of occult nodal metastases? Do micrometastases (<2 mm) have any clinical importance? Is there a good alternative to ALND for treatment of occult or micrometastatic nodal metastases?
The risk of providing no axillary treatment
There are three groups of patients for whom the risk of nodal involvement is so low that ALND can be routinely avoided: patients with ductal carcinoma in situ (DCIS), patients with pure tubular carcinoma, and patients with microinvasive carcinoma. Nodal metastasis is seen in fewer than 1% of cases with mammographically detected DCIS or pure tubular carcinoma <1 cm in diameter, and in about 3% of patients with microinvasive carcinoma (for review, see Singletary 1998) .
Because the risk of nodal metastasis decreases in direct proportion to primary tumor size (Haagensen 1986) , it seems reasonable to suggest that patients with small invasive tumors (T1) who are clinically node-negative might be able to avoid any treatment of the axillary lymph nodes. Unfortunately, there is an unacceptable risk in following this strategy. In a series of published reports reviewed by Singletary (1998) , the incidence of nodal positivity ranged from 5 to 10% in patients with tumors 0-0.5 cm in size and from 10 to 20% in patients with tumors 0.6-1.0 cm in size. Nodal metastasis can be dealt with surgically by performing a therapeutic ALND in all but about 2% of cases (Fisher et al. 1984) , and may not in any case affect long-term survival. Data from the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-04 trial indicate no survival differences between patients allocated randomly to groups to undergo either total mastectomy or radical mastectomy (Fisher et al. 1985) . (Note, however, that up to 33% of patients treated with total mastectomy alone had a limited number of lymph nodes removed as part of their surgery). Nonetheless, this outcome represents a significant psychological burden to the patients, who must endure the anxiety of anticipated recurrences and additional surgery.
An alternative to ALND for the detection of occult lymph-node metastases
Sentinel lymph-node biopsy (SLNB) has been proposed as an alternative to routine ALND for the detection of occult lymph-node metastases in patients with clinically node-negative breast cancer. SLNB is based on the observation that specific areas of the breast drain by way of efferent lymphatics to a specific lymph node (the 'sentinel' lymph node, or SLN), and then to other lymph nodes in the basin. If the SLN is negative, the remaining lymph nodes are assumed also to be negative and no ALND is necessary. If the SLN is identified as positive by intraoperative frozen section or imprint cytology, an ALND is carried out during the same surgery. If the SLN is identified as positive by more detailed histological or immunohistochemical techniques, an ALND can be carried out during a subsequent surgery.
The SLN is identified by injecting a vital dye (isosulfan blue) or a radioactive suspension (typically a technetium sulfur colloid), usually into the breast parenchyma around the tumor. Some groups have also successfully used intradermal injections into the skin over the tumor (Borgstein et al. 1997) and injections into the subareolar lymphatic plexus (Kern 1999 , Klimberg et al. 1999 . The tracer can then be detected visually during surgery (when the dye is used) or by using lymphoscintigraphy before surgery or a hand-held gamma ray detector during surgery (when the radioactive tag is used). In practice, the efficiency of identification of SLN by lymphoscintigraphy has typically been lower than that seen with the hand-held gamma probe, and the gamma probe is commonly used to verify the location of the SLN during surgery (De Cicco et al. 1998 , Dunnwald et al. 1999 . Increasingly, radioactive tracers are being monitored with a hand-held gamma probe alone.
To date, the results of SLNB have been impressive (Table 1 ). The SLN can be identified in more than 90% of cases; of these, the SLN accurately predicts the status of the remaining lymph nodes in more than 97% of cases. When the SLN is positive for metastatic disease, it is often the only affected node, especially in women with small primary tumors. In a study by Chu et al. (1999) , women with T1/T2 tumors and SLN micrometastases (<2 mm) and women with T1a tumors and SLN macrometastases had a very low probability (0-7%) of additional metastatic disease. A trial from the American College of Surgeons is currently recruiting women who are SLN-positive by routine H&E staining to determine if completion ALND after SLNB will affect clinical outcome in this population.
Can axillary lymph node treatment be safely eliminated in patients who are cytologically and histologically SLN-negative? Because of a significant frequency of false-negative results in SLNB, caution is urged in answering this question. False-negative rates reflect those cases in which the SLN was negative for metastasis even though there was histologically verified metastatic disease in the remaining axillary basin. In the studies represented in Table  1 , the false negative-rate ranged from 1 to 11% (median 6%). Recent reports have associated high false-negative rates with increasing patient age, presence of medial tumors and the surgeon's limited experience with SLNB (Euhus et al. Ng et al. 1999 , Noguchi et al. 1999 . To gain further information about this issue, the NSABP B-32 is currently recruiting women who are pathologically SLN-negative to compare long-term locoregional recurrence rates in women who receive SLNB alone with those in women who receive SLNB followed by standard ALND.
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The clinical relevance of micrometastases
In node-negative patients with tumors <2 cm (T1N0), the long-term prognosis is excellent for about 70% of patients treated with surgery of the primary tumor alone, whereas the remaining 30% will develop metastatic cancer and die within 10 years (Elledge & McGuire 1993) . It has been suggested that the at-risk patients may have micrometastatic disease in the lymph nodes (Chen et al. 1991 , De Mascarel et al. 1992 , Clare et al. 1997 , detection of which would indicate the need for more aggressive treatment.
The growing use of SLNB has opened the door to the increased use of immunohistochemical (IHC) and molecular markers to detect micrometastases in the SLN. In published studies, the incidence of micrometastases detected by IHC in patients who were node-negative by standard H&E staining ranged from 12 to 29% (Trojani et al. 1987 , Sedmak et al. 1989 Breast Cancer Study Group 1990 , Chen et al. 1991 , De Mascarel et al. 1992 , Hainsworth et al. 1993 , Clare et al. 1997 , Kuerer et al. 1999 . Do micrometastases detected by IHC have a clinical impact? Numerous retrospective studies suggest that they do, with decreases in disease-free survival ranging from 5 to 22% (Chen et al. 1991 , De Mascarel et al. 1992 , Clare et al. 1997 ). Most of these retrospective studies, however, represent macroscopic nodal disease that was missed on routine evaluation and was later confirmed by H&E staining. Two current prospective trials are seeking further information about the clinical importance of micrometastases detected by IHC or molecular techniques. The previously discussed American College of Surgeons trial will also examine the effect of IHC-detected micrometastases on patient outcome. A Department of Defense study is attempting to document a clinical correlation with the finding of occult metastases by RT-PCR. RT-PCR has reportedly been able to identify a neoplastic marker in a significant percentage of sentinel nodes that were negative for disease by both H&E and IHC staining (Verblanc et al. 1999) . It may be the case, however, that RT-PCR is too sensitive, identifying single cells or clusters of cells that are unlikely to become clinically important.
Regardless of the technique used to detect micrometastases (serial sectioning, IHC, or RT-PCR), isolated tumor cells and minute clusters of cells <200 µm in diameter should be considered node-negative until further information is obtained about their clinical significance.
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Radiation therapy as an alternative to ALND for treatment of the axilla
Radiation therapy has been proposed as an alternative to ALND for management of the axilla in node-negative patients, especially in cases involving in situ or limited microinvasive tumors. In a series of published reports with a median follow-up time of 62 months (range 54-126 months), clinically node-negative patients who received axillary irradiation without ALND had an axillary failure rate of only about 1% (for review see Singletary 1998) . In a metaanalysis, the Early Breast Cancer Trialists' Collaborative Group (1995) found no apparent difference in mortality in eight trials comparing ALND with axillary irradiation for the treatment of early breast cancer. The morbidity from axillary nodal irradiation compares favorably with the significant long-term effects seen after ALND. The risk of arm edema is reduced by at least 50% compared with ALND, and brachial plexus injury and shoulder morbidity are also substantially reduced (Pierce et al. 1992) .
With induction chemotherapy, even patients with later-stage node-positive breast cancer may become candidates for radiation treatment of the axilla. In a significant number of such patients, both the primary tumor and the axilla are downstaged by induction chemotherapy, making the patients good candidates for conservative breast surgery (Peoples et al. 1998) . A current clinical trial at M D Anderson Cancer Center is examining the relative effectiveness of ALND and axillary irradiation for nodal management in patients who are or who become clinically node-negative after induction chemotherapy.
Summary
For patients with clinically positive axillary lymph nodes, especially when these persist after induction chemotherapy, ALND remains the best treatment option. In clinically node-negative patients, SLNB is a useful option for detecting those patients with occult metastases who may require more aggressive treatment. Immunohistochemical and molecular techniques have allowed the identification of micrometastases not detectable by routine H&E staining, but the clinical significance of these lesions is undetermined. For most clinically node-negative patients, including those who become node-negative as a result of induction chemotherapy, radiation of the axilla may be as effective as ALND for local control of disease.
Immediate breast reconstruction
Although breast conservation therapy has been shown to be a safe and effective treatment option for most patients with early-stage breast cancer, many women still receive mastectomies. For some, this is a matter of personal preference, either because of fear of recurrence in the remaining breast mound, or because of reluctance to undergo the 5-6 week radiation treatment that is recommended after lumpectomy. For others, there are medical reasons for receiving the more extensive surgery, including an unusually high risk of local recurrence or the presence of multicentric disease in more than one quadrant. For these women, it is now possible to receive immediate breast reconstruction in the same surgery as the mastectomy. If necessary, a contralateral mastopexy or reduction can also be performed to achieve symmetry between the breasts. Immediate breast reconstruction can be an important factor in recovery, contributing to a more positive body image. Current reconstructive techniques not only offer excellent cosmetic results, but also provide outcomes equivalent to standard mastectomy.
Types of reconstruction
Implant reconstruction
The oldest method of breast reconstruction involves silicone-gel or saline-filled implants. This type of reconstruction achieved great popularity in the 1960s and '70s for cosmetic breast enhancement, and initially became popular in reconstructive surgery because the artificial implants are easy and quick to insert (Fig. 1) . It continues to be widely used, and can offer satisfactory cosmetic results in patients who prefer this treatment option.
There can be significant disadvantages of implant reconstruction, however. In many women, the envelope of skin where the implant will be placed needs to be expanded in a process that can take 4-6 weeks. An inflatable expander is inserted beneath the chest wall during the mastectomy, and gradually inflated with a saline solution through a subcutaneous port. Typically, another surgery replaces the expander with the implant.
There is a significant risk of medical complications from implant reconstruction, with as many as 20-30% of women experiencing infection, rupture, extrusion, or capsular contracture (Handel et al. 1995 , Kraemer et al. 1996 . Because of the additional treatment, including surgery, needed to deal with these complications, implant reconstruction becomes less cost-effective in the long term than the initial ease of surgery would indicate (Kroll et al. 1996) . In addition, there has been widespread publicity about a possible link between silicone implants and autoimmune disease. Although the preponderance of scientific evidence does not support such a link (Committee on the Safety of Silicone Breast Implants 1999), many women continue to be wary of silicone implants, especially when a better alternative is available.
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Autologous reconstruction
Autologous reconstruction uses tissue from another part of the patient's own body to reconstruct a natural-looking breast mound. The flap can remain attached to the original site with its blood supply and tunneled under the skin to the chest (a 'pedicled' flap). Alternatively, the flap can be completely removed from the donor site and attached into the mastectomy site, using microvascular techniques to attach the blood vessels in the chest to the vessels in the flap (a 'free' flap).
Although tissue from a variety of sites has been successfully used, the most widely accepted type of autologous reconstruction is a free flap using the transverse rectus abdominis muscle (TRAM) (Fig. 2) . The usual TRAM flap, which includes skin, subcutaneous tissue and muscle from the lower abdomen, is large enough to reconstruct the breast (or in some cases, both breasts) without the use of additional implants. The flap's blood supply comes from the deep inferior epigastric vessels that are connected to the thoracodorsal vessels in the chest. In experienced hands, the free TRAM flap with the required microvascular surgery has a greater than 99% success rate (Schusterman et al. 1994) . The use of a TRAM flap is ruled out in patients who do not have sufficient tissue to reconstruct a breast mound (i.e. those who are very thin or who have had a previous abdominoplasty, or 'tummy tuck') and in patients with extensive abdominal wall scarring from other surgeries. It is also discouraged in patients who smoke cigarettes, as there is some evidence that smoking may increase the risk of complications, including fat necrosis and partial flap loss.
A significant disadvantage of TRAM flap reconstruction is donor-site morbidity. The removal of muscle tissue from the lower abdomen can lead to complications including hernias, abdominal asymmetry, and permanent decrease in strength to flex and rotate the upper trunk. To circumvent this problem, a modification of the free TRAM flap called the deep inferior epigastric perforator (DIEP) flap has been developed (Allen & Treece 1994 , Blondeel & Boeckx 1994 , Hamdi et al. 1999 . This technique involves free flaps using fat and skin alone, with dissection of the myocutaneous perforators for microvascular attachment to vessels in the chest wall. Although the initial surgery is somewhat more complex than a standard free TRAM flap, the overall cost of a DIEP flap reconstruction compares favorably with a TRAM flap, because of the improved patient recovery time and shortened duration of stay in the hospital (Kaplan & Allan 2000) . A potential disadvantage of DIEP flap reconstruction is the possibility of increased fat necrosis and flap loss as a result of the less robust blood flow than is typical with a standard TRAM reconstruction. In practice, this problem can be resolved by careful selection of patients. In a review of 310 breast reconstructions performed by a single surgeon, Kroll (2000) reported that poor outcomes could be minimized by the selection of patients who: were non-smokers; required Reproduced with permission from Robb (2000) .
no more than 70% of the TRAM flap skin paddle to make a breast of adequate size; and had a least one perforating vessel that was >1 mm in diameter with a palpable pulse. In a group of patients selected according to these criteria, rates of partial flap loss (8.7%) and fat necrosis (17.4%) were only www.endocrinology.org 275 moderately greater than those seen in the free TRAM flap group (2.2% and 12.9%, respectively). In patients in whom any kind of TRAM flap is ruled out, a latissimus dorsi flap or a gluteal free flap may be used. Both types of flap may require the addition of an artificial implant, as removal of enough fat and skin to construct a breast mound can result in significant donor-site deformity. The gluteal free flap is technically difficult, and may require a vein graft. In order to simulate the contralateral breast more closely, reconstruction of the nipple-areolar complex (NAC) is performed after the original surgery has healed and the edema has subsided. The nipple is usually created using small flaps of skin raised from the surrounding breast mound, and the areola is simulated using tattooing with medical-grade pigments. These procedures do not require general anesthesia.
Tumor recurrence, detection and treatment
Until fairly recently, reconstructions were delayed until all treatment of the primary tumor had been successfully completed. This was done for several reasons. It was believed that immediate reconstruction would make locoregional recurrence more likely, and that it would be more difficult to detect. It was also believed that radiation treatment could result in significant complications in the reconstructed breast.
For the most part, these earlier beliefs have not been supported by clinical data. Rates of local and locoregional recurrence in patients receiving immediate reconstruction are similar to those seen in patients receiving mastectomy only (Hortobagyi et al. 1988) . Recurrences tend to appear in the mastectomy flap, where they are readily detectable by breast palpation. Radiation treatment can be used successfully after autologous tissue reconstruction, when it results in complication rates of 5-16% (Hunt et al. 1997 , Williams et al. 1997 . In contrast, radiation treatment of implant-based reconstructed breasts results in an unacceptably high rate of complications. In a series of patients at M D Anderson Cancer Center, capsular contracture, pain, exposure and implant removal were reported in 41% of women receiving radiation therapy after implant reconstruction, compared with only 12% of women receiving no radiation therapy (Evans et al. 1995) . While it may be possible to avoid some of the complications by covering the implant with a tissue expander, evidence supporting this remains anecdotal. Irradiation tends to cause a high rate of implant failure (43%) even when reconstruction is carried out after irradiation (Victor et al. 1998) . Overall, implant reconstruction is not recommended for women who have received or will receive radiation therapy.
The use of skin-sparing mastectomy
A major cosmetic problem involved in all types of reconstruction is constructing a breast that matches the color, size and shape of the original breast. This process is greatly facilitated by preserving as much of the patient's own skin www.endocrinology.org 277 envelope as possible in a skin-sparing mastectomy. This technique involves the removal of the breast parenchyma, axillary contents, NAC and any tumor biopsy scar. By preserving the original breast skin envelope and the inframammary fold, the plastic surgeon can reconstruct a breast that is an excellent match to the original breast. The incision is made at the border of the areola and the breast skin, and the resulting scar can be camouflaged during the reconstruction of the NAC.
This surgery is more technically demanding than a standard mastectomy, because of the importance of ensuring that the flap thickness is uniform and that a minimal volume of breast tissue remains. Carefully performed skin-sparing mastectomy results in local recurrence rates equivalent to those from a standard mastectomy (Newman et al. 1998) . Recurrences typically present as easily palpable subcutaneous nodules, which can be effectively treated without resecting the entire reconstructed breast mound.
Preserving the nipple
Typically, the NAC has been included in skin-sparing mastectomies, with cosmetic reconstruction carried out during a separate surgery under local anesthesia. Although this approach has been largely successful, the use of surrounding skin flaps for reconstruction can lead to a nipple with little or no sensitivity, pale color and possible loss of projection as the scars soften over time (Spear & Arias 1995 , Tanabe et al. 1997 , Lossing et al. 1998 . Retention of the original NAC would be desirable, but this practice has been avoided because of the belief that there might be a high frequency of occult tumors in this area. However, NAC resection may not be medically necessary in selected patients. In a recent retrospective study at the M D Anderson Cancer Center, Laronga and colleagues (1999) reported that NAC involvement occurs in only about 3% of patients undergoing skin-sparing mastectomies, if patients with multicentric or subareolar primary tumors are excluded. Women who are clinically node-negative and who have small, solitary tumors on the periphery of the breast are at especially low risk, and would be good candidates for NAC preservation (Fig. 3) .
Summary
Immediate breast reconstruction is a valuable treatment option for those women who prefer or need to have a mastectomy. Especially when combined with skin-sparing mastectomy and the use of autologous tissue, it offers a superior cosmetic result without compromising outcome. Newly developed modifications, including the use of DIEP flap reconstruction and NAC preservation, continue to challenge long-held beliefs about the medical feasibility of reconstructive techniques. Implant reconstruction continues to be a useful treatment option for some women. This would include patients with significant comorbidity or those who might otherwise prefer to avoid the more rigorous surgery, in addition to women who have received previous abdominal surgery, those who are very thin, or those who are heavy smokers.
Prophylactic mastectomy
It is now possible to identify women who may be at increased risk for developing breast cancer. Some women are carriers of specific gene mutations that predispose to breast cancer, including BRCA1, BRCA2, p53, and ataxia telangiectasia. Women who test positive for BRCA gene mutations, for example, have a 36-85% increased lifetime risk of breast cancer (Fodor et al. 1998 , Vasen et al. 1998 , Curry & Fentimen 1999 . Women with a family history of breast or ovarian cancer in first-degree relatives are at increased risk, whether or not they are found to carry specific breast-cancer-related genes. Women with a personal history of breast cancer are also at increased risk for development of cancer in the contralateral breast, again, regardless of whether or not they are found to carry specific breast-cancer genes. The presence of certain non-cancerous or potentially pre-cancerous breast conditions, such as atypical hyperplasia (ductal or lobular) or lobular carcinoma in situ increases the lifetime risk of subsequent development of breast cancer. For example, lobular carcinoma in situ is associated with a 10-15% increase in lifetime risk of cancer in each breast, although in itself it is not considered to be a precursor of cancer (Wheeler et al. 1974 , Anderson 1977 .
The two principal management options for women at increased risk for the development of breast cancer are prophylactic mastectomy and intensive screening with or without chemoprevention. Each of these approaches has advantages and disadvantages. With the current lack of prospective data examining their relative benefits, a treatment choice will be largely related to how aggressively a woman wants to deal with her increased risk of cancer development.
Prophylactic mastectomy can be performed using two technically different mastectomy procedures. In a subcutaneous mastectomy, the entire underlying mass of breast tissue is removed, but the overlying skin (including the NAC) is spared, as are the axillary contents. In a total mastectomy, the entire breast and nipple-areolar complex are resected, but the axillary contents are spared. With both of these procedures, it is possible that some breast tissue can be left behind. Subcutaneous mastectomy has been particularly criticized because of the possibility of leaving tissue at the undersurface of the NAC. Although most large-scale studies have reported successful results from subcutaneous www.endocrinology.org 279 mastectomy (Pennisi & Capozzi 1989 , Hartmann et al. 1999 , total mastectomy is considered to be the more definitive procedure.
Prophylactic mastectomy can greatly reduce the risk of breast cancer while achieving an excellent cosmetic outcome. Hartmann et al. (1999) examined outcomes in 639 women with a positive family history who received bilateral prophylactic mastectomy. At a median follow-up of 14 years, the incidence of new breast cancers was only 1.1%, representing a 91% reduction in risk when compared with female siblings who had not undergone prophylactic mastectomy. Similarly, Ziegler & Kroll (1991) , re-analyzing data originally reported by Pennisi & Capozzi (1989) , found an incidence of 1.2% in 510 high-risk patients who had undergone prophylactic mastectomy.
The continuing refinement of immediate breast reconstruction techniques with autologous tissue now offers excellent cosmetic results from a surgery that once would have been massively deforming. The use of TRAM flaps is currently favored by physicians practised in the technique, and offers sufficient tissue and coverage to reconstruct both breasts, if both are reconstructed during the same surgery. Should a woman opt for a TRAM flap reconstruction of one breast and later develop a contralateral breast cancer, it is not technically feasible to perform a second TRAM reconstruction. Because of this, and because surgery is often necessary on the unaffected breast to obtain cosmetic matching, prophylactic mastectomy may be suggested for the high-risk patient.
An important disadvantage of prophylactic mastectomy is that, because not all of the breast tissue can be removed, breast cancer remains a possibility. Some tissue can remain on the skin flaps, in the axilla, or at the inframammary fold. In animal studies in which rats and mice received prophylactic mastectomies, both spontaneous and chemically induced tumors continued to develop (Wong et al. 1986 , Nelson et al. 1989 . In humans, although prophylactic mastectomy greatly reduces the incidence of new cancers, it does not eliminate them completely; primary breast cancer has been reported after prophylactic mastectomy (Ziegler & Kroll 1963) .
Other disadvantages of prophylactic mastectomy concern residual effects of the surgery and patients' perceptions of the outcomes. A study by Payne and colleagues at Memorial Sloan Kettering (2000) found that 21 of 370 women who had received a bilateral prophylactic mastectomy expressed regrets over the procedure. The most common regret involved psychological distress and the unavailability of appropriate support systems to deal with this during the process. There were also concerns expressed about the surgical outcome (complications, residual pain) and concerns related to the cosmetic results (concerns about body image, sexual dysfunction). Overall, there was a perceived lack of education about what to expect, both physically and psychologically. Nonetheless, most patients were satisfied with the procedure. In the study by Payne et al. (2000) and in a similar study by Frost and colleagues (2000) , the majority of patients reported favorable psychological and social outcomes, along with a diminished level of concern about developing breast cancer. For patients who are at high risk, especially those who are extremely anxious about the possibility of future cancers, prophylactic mastectomy is a useful treatment option. A list of clinical conditions warranting prophylactic mastectomy has been developed in a position statement by the Society of Surgical Oncology (1993; Table 2 ). In addition to the conditions listed, general guidelines in use at M D Anderson Cancer Center suggest prophylactic mastectomy as an appropriate therapy in cases of asymmetry of the contralateral breast in patients undergoing or having undergone a mastectomy who desire breast reconstruction, or in cases of psychological disability as a result of extreme fear of breast cancer.
It is important to remember, however, that there are no absolute indications for prophylactic mastectomy. Even with the overall favorable results from the procedure, it remains a highly aggressive therapy and may be contraindicated, even in patients who are candidates, by one or more of the above-mentioned criteria. Patients with a poor prognosis from the primary breast tumor are not good candidates, neither are patients with an overall poor prognosis from comorbid conditions. Even if the procedure is not contraindicated, most women simply do not want a prophylactic mastectomy -even those who are high-risk carriers of BRCA gene mutations (Lerman et al. 2000 , Meiser et al. 2000 . For these women, a second option is intensive screening, especially when combined with newly available approaches to chemoprevention.
Screening and chemoprevention
Heightened surveillance, with screening mammography, clinical evaluation, and breast self-examination of the breast, continue to offer a safe alternative for many high-risk women. Considering that a significant percentage of all 280 www.endocrinology.org BRCA gene mutation carriers will never get breast cancer, many women may choose this option, depending upon their level of comfort with the relatively high risk. Unfortunately, many high-risk women do not adhere to surveillance recommendations (Lerman et al. 2000) . In addition, intensive surveillance may not be optimally effective in detecting early-stage carcinoma in young women with BRCA mutations. Tumors in this group, when they do appear, are likely to be fast growing in addition to being difficult to detect in the dense breast tissue that is common in this age group. Thus, for selected patients, chemoprevention may be an important adjunct to surveillance.
The National Surgical Adjuvant Breast and Bowel Project P-1 trial found that a dose of tamoxifen 20 mg/day taken for 5 years resulted in a 49% reduction in the incidence of new invasive breast cancers in women at increased risk for breast cancer (Fisher et al. 1998) . Although this study did not specifically address the BRCA-carrier status of the women, it did show a significant reduction in breast cancer risk in those with first-degree relatives with breast cancer, which would certainly include those likely to have a gene for genetic susceptibility. This highly significant result means that chemoprevention may be a good option for high-risk women who are unwilling to undergo a prophylactic mastectomy. The disadvantage of long-term tamoxifen treatment includes an increased risk of endometrial cancer and thromboembolitic phenomena, and an increase in symptoms such as hot flushes, cold sweats and vaginal discharge. In the Study of Tamoxifen and Raloxifene trial, the selective estrogen receptor modulator raloxifene is currently being tested to determine if it is as effective as tamoxifen in reducing the incidence of cancer, possibly with fewer undesirable side effects (Fisher 1999). For both tamoxifen and raloxifene, chemoprevention effects are seen in a reduced risk for the development of estrogenreceptor-positive tumors only.
Summary
Women who are at high risk for the development of breast cancer may choose to have prophylactic mastectomy followed by immediate reconstruction. For women who are not good candidates for this aggressive surgery, or who choose not to have it, heightened surveillance is a safe option, especially when combined with chemoprevention.
Conclusions
For many years after the pioneering work of Halsted in the 1880s (Halsted 1894) , the surgeon was the primary architect of breast cancer treatment, and mastectomy was the chief tool. During the past 30 years, however, this picture has changed dramatically. In a climate of growing acceptance of less invasive surgical approaches, breast cancer management now involves a team of physicians, including surgeons, pathologists, radiologists, and medical and radiation oncologists. These teams are able to bring the latest research in many different disciplines to bear on the problem of increasing overall and disease-free survival, while simultaneously decreasing surgical invasiveness and cosmetic impact. The ultimate goal of this evolving treatment paradigm will be the increasing use of systemic therapy as the main component of cancer therapy, with minimally invasive surgery to remove any residual tumor that remains after the completion of the primary therapy. The development of custom-designed genetic and biological treatment modalities is still in its infancy, but the possibility of systemic treatment specifically tailored for the individual will continue to fuel the push for less invasive surgical approaches. 
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